Introduction Peritoneal drainage has been used to prevent infectious complications after either laparoscopic or open appendectomy. Unlike in complicated appendicitis, where intraoperative drainage at the end of the procedure has clear benefits, in un-complicated appendicitis, the usefulness of peritoneal drainage is still under debate. This study aims to clarify if intraoperative drainage of the peritoneal cavity during laparoscopic appendectomy for uncomplicated appendicitis in children has beneficial consequences for the postoperative course of the patient. Methods In a 12-month period, we performed 120 consecutive laparoscopic appendectomies, for uncomplicated appendicitis. Postoperative drainage was used in 44 patients. We have collected and analyzed data concerning operating time, postoperative course and complications, need for analgesia, time to resumption of bowel movement and hospital stay. Results No significant incidents during surgery have been recorded. Postoperative intraabdominal abscesses occurred in two cases, one for each group. Mean hospital stay, operating time, the need for postoperative analgesia and regain of the gastro-intestinal transit were all longer for the drained group. Conclusions Complication rate, postoperative pain, hospital stay are all higher after prophylactic drainage of the peritoneal cavity after laparoscopic appendectomy for non-complicated appendicitis. The prophylactic use of abdominal drainage after laparoscopic appendectomy for non-complicated appendicitis in children does not prevent postoperative complications and has no or even negative consequences for the postoperative course of the patients.
Introduction
Laparoscopic appendectomy is nowadays the first therapeutic option for acute appendicitis in children in both perforated and non-perforated form. The advantages of the laparoscopic approach in terms of comfort for the patient, healing time and financial costs are doubtless [1] [2] [3] . Postoperative complications can occur in 14-18% of patients with complicated appendicitis and 0.8-1.7% in non-complicated, the most common being intraperitoneal abscess formation [4] .
Peritoneal drainage has been used to prevent infectious complications after either laparoscopic or open appendectomy [4] . During laparoscopic procedures, the process of removing excess peritoneal fluid that accumulates in the abdomen to avoid the formation of peritoneal abscesses is far more difficult and time consuming than in open appendectomy. Therefore, it has been postulated that a draining tube carefully placed inside the peritoneum after laparoscopic removal of the appendix can overpass this shortcoming of laparoscopic approach [5] . However, unlike in complicated appendicitis where postoperative drainage has clear benefits, in un-complicated appendicitis, the usefulness of peritoneal drainage is still under debate [5] [6] [7] [8] .
This study aims to clarify if postoperative drainage of the peritoneal cavity after laparoscopic appendectomy for uncomplicated appendicitis in children has beneficial consequences for the postoperative course of the patient. We would like to clarify if it is justified to drain the peritoneum after laparoscopic appendectomy, if there are no local complications like free fluid or pus inside the peritoneum or perforated appendix.
Materials and methods
In a 12-month period, we performed 148 consecutive laparoscopic appendectomies, from which 120 (81.1%) were for uncomplicated appendicitis (non-perforated appendicitis and/or pus inside the peritoneum). Mean age of the patients was 13.55 years (2.6-17.10 years) and 57% were female patients (84 females and 64 males). There were no statistically significant differences between the groups in gender (p < 0.05) and mean age (p < 0.05). Intraoperative drainage was used in 44 patients and was subjected to the preference of the surgeon and intraoperative conditions. We have collected and analyzed data concerning operating time, postoperative course and complications, need for analgesia, time to resumption of bowel movement and hospital stay.
The laparoscopic appendectomy is performed, in our clinic using the standard technique. Three ports, one 5 mm optic and two 5 mm and 10 mm working ports are used. Pneumoperitoneum is created using CO 2 and careful dissection of the appendicular vessels is performed. The appendix is ligated with a non-absorbable multifilament suture and removed through the 10 mm port. Lavage and/or suction is performed only when a significant quantity of fluids is present or produced during surgery. Intraoperative drainage, when performed is done through a 15-24 Fr. silicone tube externalized through one of the working ports and placed under free drainage. Antibiotics are not usually prescribed for un-complicated appendicitis and, when present the drainage is usually removed after 24-72 h.
For statistical analysis, the subject have been divided into two groups, one in which the patients have had a drainage tube placed, and the other without a drainage system in place. All of the tubes are of a silicone-based material and have functioned as a free drainage system. Drainage tubes have been removed after a period of 1-10 days, mean of 2.9 days. The criteria for removal of the tubes have been assessed according to clinical course, visual appearance of the dressing and abdominal ultrasound. In 76 patients, no drainage has been used. For statistical analysis, we used Chi square test for non-numeric parameters and Student's t test for numerical parameters.
Results
No significant incidents during surgery have been recorded. There were no fatalities. Postoperative complications occurred in three cases: postoperative intraabdominal abscesses in two cases (one in drain and one in the nondrained group), and one omentum eventration during the drain tube removal. Partial resection of the herniated omentum and reintegration was performed on site. Reoperation was necessary in two cases to drain the peritoneal abscess. Mean operating time was 74 min (39-120 min) for the drainage group and 59 min (32-101 min) for non-drained group. Mean hospital stay was 3.4 days (2-8 days) for the nondrained group and 5 days (2-10 days) for the drained group (p < 0.01). The need for postoperative analgesia was longer for the drained cases, with a mean of 4.02 days (1-9 days) vs 2.65(1-7 days) days for non-drained cases (p < 0.01). Mean time for regain of the gastro-intestinal transit was 2.2 days for the drained group and 1.6 days for the non-drained (p < 0.01) ( Table 1) .
Discussion
Appendectomy is the most common laparoscopic procedure in children and a significant amount of publications is available on this topic. The dilemma over to drain or not to drain the peritoneum after open appendectomy is almost an historical issue nowadays, the majority of the publication being from the 70s, 80s and early 90s. Evidence-based studies and meta-analysis have proved the ineffectiveness of prophylactic draining the peritoneum after an open appendectomy has been performed [4, 5, 9, 10] . However, drainage of the abdominal cavity following laparoscopic appendectomy has been the subject of debate for the past 20 years, because some surgeons are not convinced that the protocol for open appendectomy can be superposed over the one for laparoscopic approach [9] [10] [11] [12] . When recommended, postoperative drainage of the abdominal cavity has been advocated for two main reasons: prophylaxis of residual abdominal fluid collections and drainage of the residual CO 2 [9] [10] [11] 13] .
The partisans of the prophylactic drainage allege that during laparoscopic appendectomy there is less care for noncontaminating the peritoneal cavity and less possibility to "dry out" the fluids. Therefore, a 24-28 h postoperative drainage can solve this shortcoming of laparoscopy [4] . On the other hand, it seems that it may not dependent on the fact that surgeons drain the abdominal cavity of fluid that is found in the abdomen, but rather by the amount of effort the surgical team puts into flushing whatever potentially infectious entities remain after surgery [10] . In the current study, we had one abdominal abscess for each group, representing 2% in drained and 1% in the non-drained patient. Even though with no statistical differences, the fact that the percent was higher in drained patients is strong evidence that drainage has no role in preventing postoperative peritoneal infections after laparoscopic appendectomy. As we found out, multicenter randomized trials and meta-analyses [10] have given strong evidence that peritoneal cavity drainage after uncomplicated appendectomies should not be taken into account anymore, and that there is no higher prevalence of postoperative infections without the use of it [11] . Moreover, some studies have found significantly higher rates of wound infection after prophylactic drainage in uncomplicated appendicitis [10] .
As for the other reasons, residual CO 2 has been demonstrated to be an aggravating cause for postoperative pain after laparoscopy [14, 15] . However, it seems that postoperative drainage has no benefits for this aspect as well, since the need for analgesia is higher [4.02 vs. 2.65 days] in drained patients. Probably the drain being placed in descent for fluids has no role in eviction of the CO 2 . Moreover, the drain itself may be a source of pain. Therefore, there are probably more benefits in careful eviction of CO 2 at the end of the procedure than placing a drainage tube afterwards [15] .
Peritoneal drains even have the reputation of even being harmful. There are many reports showing abdominal organ eventration through the drainage site after both open and laparoscopic surgeries [16, 17] . One of the types of complications occurred in our series as well. A small portion of the omentum was stuck in the holes of the drainage tube and when the drain was removed, it went out through the abdominal wall. Even if it is not a major complication and had insignificant consequences, it still was the cause of a patient suffering.
Reducing costs and judicious use of the resources are an essential matter for any health system. The costs for the equipment and surgical instruments are significantly higher in laparoscopy. Cost benefits for laparoscopy are obtained through the means of faster patient recovery and reintegration, with less need for medication and hospital stay [2, 3] . Consistent with similar studies [12, 13] , in our series, in drained patients, OR time, hospital stay and medication are higher than in non-drained patients. This means that draining the abdominal cavity for prophylactic purposes after laparoscopic appendectomy produces higher expenses with no or even negative consequences for the patients.
Conclusion
Complication rate, postoperative pain, operating time and hospital stay are all higher after prophylactic drainage of the peritoneal cavity after laparoscopic appendectomy for noncomplicated appendicitis. The prophylactic use of abdominal drainage after laparoscopic appendectomy for non-complicated appendicitis in children does not prevent postoperative complications and has no or even negative consequences for the postoperative course of the patients.
